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ripHBe^eHbi pe3yjn>TaTbi uccjie^oBaHHJi TpocjmqecKHX napa3HTO-xo3flHHHbix OTHOiue- 
HHH Me>K,Zjy JIHUHHKaMH TpeMaTOA (qepKapHH H MeTaqepKapHH) H HX X03fleBaMH-MOJIJIIO- 
CKaMH Ha ocHOBe aHajiH3a cTa6njii>Hi>ix H30TonoB yrjiepo^a 8 13 C ( l3 C/ 12 C) h a30Ta 8 15 N 
( 15 N/ 14 N) b TKaH^x MOJiJiiocKOB, qepKapHH h MeTaqepKapHH. LJepKapHH 6 bijih o6e£HeHbi 
H30TonaMH a30Ta 8 15 N h yrjiepojja 8 13 C OTHOCHTejibHO MycKyjiaTypbi Horn, Tame BbiflBJie- 
ho oGejmeHHe H30Tona yrjiepo^a 8 13 C OTHOCHTejitHO renaTonaHKpeaca, ho cjiaboe o6ora- 
meHHe H30Tona a30Ta OTHOCHTejibHO numeBapHTejibHOH >Kejie3bi xo3«HHa. MeTauepKapim 
o6orameHbi H30TonaMH a30Ta 8 15 N OTHOCHTejibHO TKaHen mojijiiockob, ho o6ejiHeHbi H30TO- 
naMH yrjiepojia 8 13 C OTHOCHTejibHO Horn h cjia6o oOorameHbi OTHOCHTejibHO numeBapuTejibHOH 
>Kejie3bI MOJIJIIOCKOB. Bo3MO>KHbIMH 06 l>flCHeHHJIMH nOAOOHbIX H30TOnHHeCKHX pa3JIHHHH 
MOKjjy uepKapH^MH h MeTaqepKapHflMH MoryT 6biTb ceJieKTHBHOCTb nuTauun cneumjmqe- 
CKHMH aMHHOKIICJIOTaMH HJIH JIHnilABMH, pa3JIHHHfl B MeTa6oJIH3Me Ha pa3HbIX CTajJHflX pa3- 
bhthji napa3HTa. FIoKa3aH pa3Hbiir ypoBeHb oborameHHfl H30TonoB a30Ta y MeTaqepKapHH 
pa3HbIX TaKCOHOB, HTO, B03MO>KHO, CBJI3aHO C napa3HTHpOBaHHeM B pa3HbIX opraHax H cne- 
UhcJ)hkoh nHTaHHfl npeACTaBHTeJieH pa3Hbix TaKCOHOB. HaMH BnepBbie npoBejieHO cpaBHH- 
TeJibHoe H3yueHHe Tpo(J)HuecKHX OTHOiueHHH Me^y xo3ahhom h 3HAonapa3HTaMH Ha pa3- 
HblX CTajIHHX )KH3HeHHOTO UHKJia C HCnOJIb30BaHHeM aHaJIH3a CTaGHJIbHbIX II30T0n0B. 

Kjuoue6bie cjiogq: TpeMaTo^a, qepKapHfl, MeTaqepKapHfl, mojijiiock, Tpo(J)HuecKHe ot- 
HomeHHfl, cTaGnJibHbie H30Tonbi, (JipaKUHOHHpoBaHHe, ymepoA, a30T. 


ripHpoAHoe cooTHomeHHe CTaGHJibHbix H 30 TonoB ymepoAa ( 13 C/ 12 C, 060- 
3HauaeMoe KaK 8 13 C) h a 30 Ta ( 15 N/ 14 N, o6o3HauaeMoe Kate 5 15 N) uinpoKO hc- 
noJib 3 yeTC 5 i b nocJieAHne roRhi a™ aHajiH 3 a hctohhhkob nHTaHim MaKpo6ec- 
no3BOHOHHbix b pa3JiHHHbix OKOCHCTeMax (HanpHMep, Vander Zanden, Vade- 
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boncoeur, 2002; Doi et al., 2004, 2006). Mztojx CTa6HJibHbix H30Tonoe ocHoeaH 
Ha tom, hto cooTHomeHHe CTaGmibHbix H30Tonoe a30Ta h yrjiepo,aa npeo6pa- 
30BbmaeTC^ ot nHmeBbix hctohhhkob k noTpe6HTejiflM h o6ecnenHBaeT Henpe- 
pbiBHoe H3MepeHHe Tpo(J)HHecKoii no3Hii,HH opraHH3Ma (Post, 2002; McCutchan 
etal., 2003). 

C Ka^blM TpO(J)HHeCKHM ypOBHeM B nHmeBbix cerax npOHCXO^HT TaK Ha- 
3biBaeMoe Tpo(J)HHecKoe o6orameHHe, hjih (JipaKUHOHHpOBaHHe CTaGnjibHbix 
H30TonoB, onpe^ejweMoe KaK pa3HHii,a MtTKjiy h30tohhoh noOTHCbio noTpe6n- 
TejiH h nmim. Pa3HHu,a MOK^y rooTonHoii no^nncbio ynnepOAa (5 13 C) noTpe- 
Ghtcjih h muim no3Bo™eT onpe^ejiHTb nHmeBbie hctohhhkh ymepo^a, a pa3- 
HHu,a Me>KAy H30T0nH0H no^nHCbio a30Ta (5 15 N) noTpe6HTejui h nnmH — 
CTpyKTypy nHmeBbix ceTeii h ^aeT B03MO)KHOCTb npH6jiH3HTejibHO onpe^ejinTb 
OTHOCHTeJIbHblH TpO(j)HHeCKHH ypOBeHb pa3HbIX )KHBOTHbIX B JIK)60H 3K0CHCTC- 

Me (Post, 2002). 

C Ka^biM Tpo(J)HHecKHM ypOBHeM no,zuiHCb a30Ta oGbiHHO yBejiHHHBaeTC^ 

Ha 2 — 5 %o (DeNiro, Epstein, 1981; Post, 2002). rio^nncb yniepo,zta oneHb He- 

3HaHHTeJIbHO yBeJIHHHBaeTCfl nO TpO(|)HHeCKHM ypOBHHM Me>K,Zty KOHCyMeHTOM 
h nHmefi (jiHiiib Ha 0.4 — 0.8 %o), t. e. ocTaeTca 6jih3koh k nmne, h flBjweTCfl 
oneHb xoponiHM HH^HKaTOpOM nHmeBoro HCTOHHHKa yrjiepo^a (Post, 2002; 
McCutchan et al., 2003). 

TaKHM o6pa30M, Ha ocHone (J)paKUHOHHpOBaHH>i H30TonoB Me^y noTpe6H- 
TeneM h nnmeH mo>kho npn6jiH3HTejibHO onpe^ejinTb: 1) nepBHHHbie nnmeBbie 
HCTOHHHKH nO CO^ep^CaHHK) B HHX H30TOnOB yrJiepO^a (5 13 C), 2) TpO(J)HHeCKHH 
ypOBeHb >khbothoto no co,ztep>KaHHio b hhx H30TonoB a30Ta (8 15 N). 

B nocjie^Hne ro,ztbi aHajiH3 CTaGnjibHbix H30TonoB CTajiH ycneniHO npHMe- 
HflTb RJin H3yneHra TpO(|)HHeCKHX napa3HT0-X035IHHHbIX OTHOmeHHH b npnpozi;- 
hhx Tpo(j)HnecKHx cerax (cm. o630p: Lafferty et al., 2008; Doi et al., 2010; 
Gomez-Diaz, Gonzalez-Solis, 2010). B napa3HTax KaK noTpe6HTejwx o^cn^aeT- 
cn yBejiHHeHne 3HaneHHfl CTa6njibHbix H30TonoB a30Ta 8 15 N OTHOcnrejibHO hx 
xo35ieB (Post, 2002). O^HaKo pjm HCCJie^OBaHHH noKa3an HeraTHBHoe (jjpaKijH- 
OHHpOBaHHe H30TonoB MtyKjiy xo3^eBaMH h napa3HTaMH pa3JiHHHbix rpynn 
(Pinnegar et al., 2001; Deudero et al., 2002; Doi et al., 2010). 3to 03HanaeT, hto 
TKaHH napa3HTa oGe^HeHbi H30TonaMH ymepo^a 13 C h/hjih a30Ta 15 N no cpaB- 
HeHHio c TKaraMH xo3^HHa (McCutchan h ,a;p., 2003). B paae pa6oT noKa3aHO, 
hto H30TonHan HHina napa3HTa mojkct BapbHpOBaTb b 3aBHCHMOCTH ot napa3H- 
to-xo3hhhhoh CHCTeMbi (Pinnegar et al., 2001; O’Grady, Dearing, 2006). Kpo- 
Me toto, ypOBeHb oSorameHHfl H30TonaMH MO^ceT BapbHpOBaTb y o^hoto TaK- 
coHa napa3HTa b pa3Hbix xo3^esax (Deudero et al., 2002) hjih Me^y TaKcoHa- 
mh napa 3 HTOB b o^hom xo3^HHe (Boag et al., 1998; Neilson et al., 2005; 
Gomez-Diaz, Gonzalez-Solis, 2010). 

HecMOTpfl Ha to hto b HacToamee BpeMfl BbinojiHeH pnjx HCCJie^OBaHHH Tpo- 
(J)HHeCKHX napa3HT0-X03^HHHbIX OTHOUieHHH C HCnOJIb30BaHHeM CTaGHJIbHbIX 
H30TonoB, TaKoro po,aa ^aHHbie Bee eme ocTaiOTCfl orpaHHneHHbiMH. Eothhh- 
hm HCCJie^OBaHra Tpo(J)HHecKHx OTHouieHHH TpeMaTOzt (Iken et al., 2001; Doi 
et al., 2010) h coBceM OTcyTCTByioT aaHHbie no Tpo(|)HHecKHM oTHomeHmiM xo- 
3HeB H TpeMaTOZt Ha pa3HbIX CTa^HJIX >KH3HeHHOrO UHKJia, B TOM HHCJie B CHCTe- 
Me «mojijhock—T peMaTO,zta»- 

Mojijhockh abjuuotcji oSjnaTejibHbiMH xo3^eBaMH jx m napTeHoreHeTHne- 
CKHX nOKOJieHHH TpeMaTO,Zt, B KOTOpbIX pa3BHBaiOTC5I CBo6o,aHO}KHBymHe pac- 
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cejiHTejibHbie jihhhhkh — uepKapHH. jih npeucTaBHTejieii pnua TaKCOHOMHne- 
ckhx rpynn (HanpHMep, ceM. Echinostomatidae, Strigeidae, Cyathocotylidae h 
JX p.) MOJIJHOCKH TaiOKe CJiy^CaT X03HeBaMH H a™ TpaHCMHCCHBHbIX napa3HTHHe- 
ckhx jihhhhok repMa(|)po,zmTHoro noKOJieHHfl — MeTau,epKapHH h, TaKHM o6pa- 
30m, npeucTaBjnnoT co6oh HHTepecHyio Mouejib jxjih royneHHJi Tpo<J)HHecKHx 
OTHOiueHHH. LJejibio HacTO^mero HCCJieuoBaHHH 6buio HCCJieuoBaTb Tpo(J)HHe- 
CKHe OTHOiueHHH MeyKJiy X03HHH0M H napa3HTOM Ha pa3HbIX CTa^HHX HCH3HCH- 
hoto uHKJia b CHCTeMe «mojijhockh — TpeMaTOUbi», Hcnojib3yH aHajiH3 CTa6n- 
jibHbix H30TonoB yniepoua 8 13 C h a30Ta 5 15 N. 


MATEPHAJI H METO^HKA 

H3ynaeMbie opraHH3Mbi, MecTO c6opa MaTepHajia 
h no^roTOBKa o6pa3uoB 

B KauecTBe MOuejibHbix bhuob TpeMaTOu B3HTbi npeucTaBHTejiH ceMeiicTB 
Echinostomatidae (uepKapHH h MeTauepKapHH Echinoparyphium recurvatum , 
uepKapHH Hypodereum conoideum ), Plagiorchidae (uepKapHH Plagiorchis nm- 
tationis ), Strigeidae (MeTauepKapHH Cotylurus cornutus ), Diplostomatidae 
(uepKapHH Diplostomum chromatophorum , D. volvens). HccjieuoBaHHbie Tpe- 
MaTOUH HMeiOT TpHKceHHbiu HCH3HeHHbiii uhkji, b peajiH3auHH KOTOporo ynacT- 
ByiOT nepBbie h BTOpbie npOMencyTOHHbie h OKOHnaTejibHbiH xo3neBa. Mbi hc- 
cneuoBajiH npecHOBOUHbix mojijhockob Lymnaea stagnalis h L. tamida , uomh- 
HHpyioin,Hx b cooGiu^CTBe GpioxoHomx mojijhockob 3anauHOH Ch6hph 
(KDpjiOBa, Bou^HHUKan, 2005) h hbjihioiuhxch nepBbiMH h BTOpbiMH npOMency- 
TOHHbiMH xo3neBaMH ujih yKa3aHHbix bhuob TpeMaTOu (lOpjiOBa, 2003; Yurlova 
et al., 2006). 

MaTepuaji jx jih nccjieuoBaHHH coGpaH b npnycTbeBOH 30He p. KapraT 6ac- 
cefiHa 03. HaHbi Ha tore 3anauHOH ChGhph (54°37'76" c. in., 78° 13'07" b. jx.) b 
aBrycTe 2009 r. B jiaGopaTOpHH y Bcex mojijhockob H3MepHJiH BbicoTy paKOBH- 
hh ot BepmHHbi jx o ycTbH npH noMOiun uiTaHreHUHpKyjiH. Bcex co6paHHbix 
MOJIJHOCKOB paCCa>KHBaJIH HHUHBHUyaJIbHO B eMKOCTH o6i>eMOM 150 — 300 MJI 
(b 3aBHCHMOCTH ot pa3Mepa MOJiJHOCKa), HanojiOBHHy 3anojiHeHHbie npo(J)HJib- 
TpOBaHHOH peHHOH BOUOH. EMKOCTH C MOJIJHOCKaMH nOMeiUaJIH Ha OCBeiU^H- 
HyH3 cojiHueM njioiuauKy hjih nou CBeT HacTOJibHOH jiaMnbi h nepe3 2 h npo- 
CMaTpHBaJIH HX nou CTepeOMHKpOCKOnOM MEC-9 UJIH BblflBJieHHH 3MHCCHH 
uepKapHH. 

npH onpeuejieHHH bhuoboh npHHaujiejKHOCTH Hcnojib30BajiH ony6jiHKO- 
BaHHbie onHcaHHH uepKapHH (r HHeuHHCKan, /],o6pOBOJibCKHH, 1964; LUhthh, 
1977; Combes, 1980; MepHoropeHKO, 1983). 

J\nn H3MepeHHH COOTHOHieHHJI H30TOnOB B TKaHHX X03HeB H napa3HTOB 
HaMH 6biJiH co6paHbi tkbhh hoth h nHiu^BapHTejibHOH Hcejie3bi ot 3apa>KeHHbix 
MOJIJHOCKOB, UeJIHKOM UepKapHH H MeTBUepKapHH. 06pa3UbI TKaHeft X03HeB H 
jihhhhok TpeMaTOu BbicymHBajiH jx o nocTOHHHOH Maccbi b cymHJibHOM uiKa^y 
npH TeMnepaType +60 °C b TeneHHe He MeHee 24 h. TaK^ce Mbi H3MepHJiH coot- 
HomeHne H30TonoB y He3apanceHHbix mojijhockob, nocKOJibKy npncyTCTBHe 
CnOpOUHCT H/HJIH peUHH BJIHHeT Ha 3HaneHHH H30TOnOB nHIU^BapHTeJIbHOH tkc - 
Jie3bi (Doi et ah, 2008). JJjm H3MepeHHH cooTHomeHHH H30TonoB c npHMeHeHH- 
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eM Macc-cneKTpOMeTpa y TaKHx MejiKHx ofibeKTOB KaK uepKapHH Heo6xou,HMO 
hx 6ojibmoe KOJiHHecTBO, noaTOMy HaMH 6biJi pa3pa6oTaH cneuHajibHbift MeTOu 
KOHueHTpauHH uepKapHH (lOpJiOBa, BouaHHUKaa, 2009). J\nn H30TonHoro aHa- 
jiH3a ot Ka^oro MOJunocKa 6biJio nojiyneHO 1000 h 6oJiee uepKapHH. KpaTKO 
cyTb MeTOua 3aKJHOHaeTca b cjieuyiomeM. IJepKapHH, BbimeuinHx H3 ecTecT- 
BeHHO 3apa^ceHHbix mojijhockob, OTJiaBJiHBajiH nHneTKOH h noMeiuajiH b npo- 
(J)HJibTpOBaHHyK) peHHyio BOAy. Bouy c uepKapHAMH (|)HJibTpOBajiH nepe3 npeu- 
BapHTejibHO o6o>K>KeHHbiH (precombusted) GF / F CTeKjniHHbiH (JmjibTp (glass 
filter). OnjibTp c uepKapHHMH BbicyuiHBajiH b TepMOCTaTe npH TeMnepaType 
+60 °C He MeHee 24 h h xpaHHJin npH -20 °C uo npOBeueHHJi aHajiH3a CTa6njib- 
Hbix H30TonoB. J\jin BbinojiHeHHfl H30TonHoro aHajiH3a o6pa3Ubi pacTHpann jxo 
nopomKOo6pa3HOH Maccbi, o6pa6aTbiBajiH CMecbio MeTaHOJia h xjiopo(f)opMa b 
cooTHomeHHH 2 : 1 jxjm yuajieHHfl jihhhuob (Yoshii et al., 1999). Bee o6pa3Ubi 
o6pa6aTbiBajiH 1M pacTBOpOM HC1 ,zyni yuajieHHfl KapGoHaTOB (Kanaya et al., 
2009). 


OnpeueneHHe cooTHomeHHJi CTa6HJibHbix H 30 TonoB 
H CTaTHCTHHeCKHH aHaJlH3 

JSfln onpeuejieHH>i cooTHomeHHfl CTaGnjibHbix H30TonoB b o6pa3uax hc- 
nojib 30 BajiH Macc-cneKTpOMeTp DELTA plus; Finnigan MAT (TepMaHmi) b 
yHHBepCHTeTe Toxony, ilnoHHJi. FhoTonHbiH cocTaB o6o3HanaeTCfl KaK uejib- 
Ta (6). Oh Bbipa>KaeTCfl, KaK OTHomeHHe TJDKejioro H30Tona k jierKOMy h H3Me- 
paeTCfl b Tbic>iHHbix uojhix OTKJiOHeHH^ ot MejKuyHapouHoro CTaHuapTa: 

8 13 C (%o) = (R 0 6pa3ua / Rcxa H ,apxa " D X 1000, 

S 15 N (%o) = (R 0 6pa3ua / Rcxawpxa- O X 1000, 

rue R — cooTHomeHHe 13 C/ 12 C hjih 15 N/ 14 N nun 8 13 C hjih 8 15 N cooTBeTCTBeHHO. 
CiaHuapTOM rim yraepoua (8 13 C) flBjweTCfl Pee Dee belemnite (PDB) h rjih 
a30Ta (8 15 N) — aTMOC(J)epHbiH N 2 . AHajiHTHnecKHe ohihGkh onpeuejieHra 
6buiH b npeuenax ± 0.2 %o KaK rjix 8 13 C, TaK h rjix 8 15 N. 

OpaKUHOHHpOBaHHe (pa3uejieHHe), t. e. H3MeHeHHe cooTHomeHHH b xoue 
MeTa6ojiHuecKHx npoueccoB H30TonoB yrnepoua h a30Ta (A 13 C h A 15 N) Me^cuy 
MOJ1JHOCKOM-X03HHHOM H TpeMaTO^aMH Ka)KUOrO BHUa, paCCHHTbIBaJlH KaK pa3- 
HHuy Me)Kuy H30T0nH0H nounHCbio noTpe6HTejia (napa3HTa) h nHiun (TKaHb 
xo3HHHa): A 13 C hjih A I5 N = (8 13 C hjih 8 15 N napa3HTa) — (8 13 C hjih 8 15 N TKaHH 

X03HHHa). 

CBH3b H30TOnHbIX nOUnHCefi napa3HTOB C TaKOBbIMH X03fleB OUeHHBaJlH c 
nOMOIUblO K03(J)(J)HUHeHTa KOppeJl^UHH riHpCOHa. CpaBHeHHH COOTHOHie- 

HHfl CTafiHJlbHblX H30TOnOB y MOJIJHOCKOB pa3HbIX BHUOB (Z. StdgnCllis H Z. tU- 
mida ), y MeTauepKapHH pa3Hbix bhuob (E . recurvatum h C. cornutus ), a TaK^ce 
y Bcex b cyMMe uepKapHH h MeTauepKapHH KajKuoro H3 uayx bhuob HcnoJib30- 
BajiH TecT Mann-Whitney h t-TecT. CTaTHCTHnecKyio o6pa6oTKy uaHHbix npo- 
bouhjih c Hcnojib30BaHHeM naKeTa nporpaMM Microsoft Office Excel 2003, 
Statistica 6.0 h Past 2.10. 
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PE3YJIbTATbI 


BejiHHHHa cooTHomeHH^ CTaGnjibHbix H30T0n0B yraepoua 8 13 C h a30Ta 
8 15 N BapbHpoeajia b TKamix 3apa)KeHHbix mojijhockob h b nccjieuoBaHHbix 06 - 
pa3u,ax uepKapHH h MeTauepKapHH (TaGji. 1,2; pnc. 1). H30T0nHaji nounncb 
a30Ta uepKapHH nono^cHTejibHO KOppejiHpOBajiH c TaKOBOH ho™ h nHiueBapH¬ 
TejibHOH )Kejie 3 bi (r = 0.99 h 0.98, P < 0.05 cooTBeTCTBeHHo), nounncb H30Tona 
yraepoua 8 13 C uepKapHH — c TaKOBOH nHiueBapHTejibHOH ^cejie 3 bi mojijik>ckob 
( r= 0.9, P< 0.05). OpaKUHOHHpOBaHHe H30TonoB KaK yniepoua A 13 C, TaK h 
a30Ta A I5 N uepKapHH OTHOCHTejibHO ho™ mojijhockob 6 biJio OTpHuaTejibHbiM. 
OpaKUHOHHpOBaHHe H30TonoB a30Ta A I5 N y uepKapHH OTHOCHTejibHO nHiueBa¬ 
pHTejibHOH ^cejie3bi 6 buio cjiaGo nojiO)KHTejibHbiM (0.4 ± 0.9), a ynnepoua 
A 13 C — OTpHuaTejibHbiM (-0.43 ± 0.2) (TaGji. 1, pnc. 2). V o 6 ohx nccjieuoBaH- 
hmx bhuob MeTauepKapHH nounHCb H30T0na yniepoua nojio^cHTejibHO KOppe- 
jiHpOBana c TaKOBOH hoth (r= 0.87 h 0.86, P< 0.05 cooTBeTCTBeHHo ujhi 
C. cornutus u E. recurvation ); CBH 3 b c nHiueBapHTejibHOH >Kejie30H 6 buia Heuo- 
CTOBepHa y oGohx bhuob (r = 0.48, P = 0.1). FlounHCb H30T0na a30Ta MeTauep¬ 
KapHH C. cornutus He noKa3ajia cbjhh c TaKOBOH b TKarax MOJiJiiocKa (r = 0.21, 
P = 0.7 h r = 0.58, P = 0.2);y MeTauepKapHH E. recurvation 3Ta cbjhb 6 biJia ot- 
pHuaTejibHOH h uocTOBepHOH (r = -0.76, P = 0.05) c nHiueBapHTejibHOH )Kejie- 
30H H HeAOCTOBepHOH (l* = -0.39, P = 0.5) C HOTOH. 

MeTauepKapHH oGohx bhuob oGoraiueHbi a30TOM KaK OTHOCHTejibHO hoth 
(2.8 ± 0.7 %o, P < 0.005 h 1.4 ± 1.6 %o, P < 0.05 ujhi C. cornutus h E. recurva- 
tum cooTBeTCTBeHHo), TaK h OTHOCHTejibHO nHiueBapHTejibHOH >Kejie3bi (3.6 ± 
± 0.7 %o, P < 0.05 h 1.6 ± 2 %o, P < 0.005 rjix C. cornutus h E. recurvation co- 
OTBeTCTBeHHo) (pnc. 2). H30T0nbi yrjiepoua 8 13 C y MeTauepKapHH oGohx bh- 
Uob 6buiH oGeuHeHbi OTHOCHTejibHO Hora (-0.4 ± 0.8 h -0.1 ± 0.4 %o, P > 0.5 
UJifl oGohx bhuob) h oGoraiueHbi OTHOCHTejibHO nHiueBapHTejibHOH >Kejie3bi. 
ripn 3tom BejiHHHHa o6oraiueHH« y MeTauepKapHH E. recurvation 6biJia Bbmie 
(1.3 ± 1.2 %o), neM y C. cornutus (0.4 ± 0.6 %o) (P < 0.05) (TaGji. 2, pnc. 2). 


OBCy^EHHE 

Mbi HCCJieuoBajiH TpotJiHHecKHe OTHomeHHJi TpeMaTOu Ha usyx CTaurax 

5KH3HeHHOTO UHKJia (uepKapHH H MeTauepKapHH) C HX X03fleBaMH - MOJIJHO- 

CKaMH. 3HaHemni cooTHomeHH^ CTaGHJibHbix H30TonoB yrjiepoua 8 13 C h a30Ta 
8 15 N b TKaH5ix HCCJieuoBaHHbix mojijhockob L. stagnalis h L. tumida 6biJiH 
cxouhh c ony6jiHKOBaHHbiMH HaMH paHee u^hhmmh (Doi et al., 2008; 2010). 
U,epKapHH H3yneHHbix bhuob TpeMaTOu noKa3ajiH oGeuHeHHe H30TonoB KaK 
a30Ta 8 15 N, TaK h yraepoua 8 13 C OTHOCHTejibHO Hora mojijhockob. Othoch- 
TejibHO nHiueBapHTejibHOH >Kejie3bi H30T0n yniepoua 8 13 C uepKapHH TaK^ce 
o6euHHJic^i, ho H30Ton a30Ta 8 15 N y ojxnoro H3 HCCJieuoBaHHbix bhuob ( D . chro- 
matophorum) noKa3aji cJia6oe o6oraiueHHe. Pe3yJibTaTbi HacToaiuero nccjieuo- 
BaHHfl nouTBepuHJin nojiyneHHbie HaMH paHee uaHHbie 06 OTpnuaTejibHOM 
(J)paKUHOHHpOBaHHH H30TonoB a30Ta h yrjiepoua y uepKapHH E. recurvation h 
P . mutationis OTHOCHTejibHO TKaHeii MOJunocKa-xo35iHHa (Doi et al., 2010). Ohh 
TaK^ce corjiacyiOTca c HCCJieuoBaHHflMH, noKa3aBiHHMH o6euHeHHe H30Tona 
a30Ta y upyrax rpynn napa3HTOB, b tom HHCJie rejibMHHTOB (Boag et al., 1998; 
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T a 6 ji h u a 1 

H 30 toiihi>ih cocTaB 5 13 C h 5 15 N uepicapHH TpeMaTon, irameBapHTe jilhoh acejie3Bi h Horn MOJiJiiocKa—xo3)iHHa 
h odorametme H30TonoB yrjiepoaa A l3 C h a30Ta a nepicapHH othochtcjibho TKaHeH xcmima 


Table 1. Isotopic composition of 5 13 C and 5 15 N in trematode cercariae, hepatopancreas, and foot of the host snail species 

and isotopic enrichment of A 13 C and A 15 N in cercariae. 


Bus 

IfepicapHJi (napa3HT) 

Hora 

IlHmeBapHTejibHaji acejie3a 

IfepKapHK — Hora 

IfepKapn* — nHiueBapH- 
TejibHaa a(ejie3a 


5 13 C, %« 

5 15 N, %o 

A 13 C, %o 

5 15 N, %o 

5 13 C, %o 

5 15 N, %» 

A 13 C, %o 

A 15 N, %» 

A 13 C, %> 

A 15 N,%g 

L. stagnalis 1 

-31.8 

14.3 

-28.8 

14.4 

-31.2 

14.0 

-3.0 

-0.1 

-0.6 

0.3 

L. stagnalis 1 

-31.9 

2.4 

— 

— 

-31.3 

3.9 

— 

— 

-0.6 

-1.5 

L. stagnalis 2 

-31.8 

5.5 

-30.8 

5.4 

-31.5 

4.9 

-1.0 

0.1 

i 

p 

La 

0.6 

L. stagnalis 1 

-30 

15.0 

-28.0 

16.3 

-28.5 

13.5 

-1.9 

-1.3 

-1.4 

1.6 

L. stagnalis 2 

-32.1 

6.2 

— 

— 

-32.1 

4.6 

— 

— 

-0.02 

1.5 

L. tumida ' 

-31.6 

4.9 

-31.6 

5.9 

-31.7 

5.3 

-0.02 

-1.0 

0.1 

-0.4 

L. tumida 4 

-31.2 

6.9 

-31.2 

6.8 

-30.9 

6.3 

-0.02 

0.1 

0.3 

0.6 

L. tumida 1 

-31.8 

6.6 

-31.2 

6.8 

-30.9 

6.3 

-0.62 

1 

o 

La 

-0.9 

0.2 

L. tumida 5 

-31.2 

6.0 

-30.6 

6.5 

-31.1 

5.6 

-0.6 

-0.55 

-0.1 

0.4 


IIpHMeHaHHe. Mojijiiockh 3apa^ceHbi: l Plagiorchis mutationis , 2 Diplostomum chromathophorum , 3 D. volvens, A Echinoparyphium recurvatum , 5 Hvpoderaeum co- 
noideum. 















T a 6 ji h u a 2 

H30TonHbm cocTaB 5 13 C h 5 15 N MeTauepicapHH TpeMaToa, irameBapHTejibHOH 5Kejie3ti h Horn MOJiJiiocKa—xo3flHHa 
h o6orameHHe H30TonoB A l3 C h A 15 N MeTauepicapHH othochtcjibho TKaHen xo33HHa 


Table 2. Isotopic composition of 5 13 C and 5 15 N in trematode metacercariae, hepatopancreas, and foot of the snail host 

and isotopic enrichment of A 13 C and A 15 N in metacercariae 


Bur 

MeTauepicapHJi (napa3HT) 

Hora 

IlHmeBapHTejibHaa acejie3a 

MeTanepjcapHJi — Hora 

MeTanepKapHH — 
nmneBapHTejibHaa »cene3a 

5 13 C, % 

S^N, % 

5 13 C, % 

S^N, % 

Si 3 C, % 

5 15 N, % 

A 13 C, % 

A 15 N, % 

A 13 C , % 

A 15 N , % 

L. stagnalis 1 

- 30.0 

8.8 

- 29.6 

5.6 

- 30.5 

4.9 

- 0.3 

3.3 

0.6 

4.0 

L. stagnalis 1 

- 32.0 

8.2 

- 30.7 

6.4 

- 31.6 

5.0 

- 1.3 

1.8 

- 0.4 

3.3 

L. stagnalis 1 

- 30.8 

7.8 

- 31.6 

4.3 

- 31.8 

3.7 

0.9 

4.3 

1.1 

4.1 

L. stagnalis 1 

- 30.7 

8.6 

- 31.6 

4.3 

- 31.8 

3.7 

0.9 

4.3 

1.1 

4.9 

L. stagnalis 1 

- 31.8 

8.4 

- 31.3 

5.3 

- 31.0 

5.9 

- 0.5 

3.2 

0.1 

2.5 

L. stagnalis 1 

- 31.3 

8.5 

- 30.4 

5.4 

- 31.6 

4.4 

- 0.9 

3.1 

0.3 

4.0 

L. stagnalis' 

- 30.6 

7.4 

- 30.0 

5.4 

- 31.7 

4.0 

- 0.7 

2.0 

3.4 

1.1 

L. stagnalis 2 

- 31.2 

9.0 

- 31.3 

5.3 

- 32.0 

4.4 

0.1 

3.7 

0.8 

4.6 

L. stagnalis 2 

- 30.9 

5.7 

- 31.3 

5.3 

- 31.9 

5.9 

0.4 

0.4 

1.2 

- 0.2 

L. stagnalis 2 

- 30.6 

6.8 

- 30.4 

5.4 

- 31.6 

4.4 

-0.2 

1.5 

1.0 

2.4 

L. stagnalis' 

- 30.6 

6.1 

- 30.4 

6.4 

- 30.7 

6.0 

-0.2 

l 

o 

u> 

0.1 

0.1 


npuMenaHHe. Mojijiiockh 3apa)KeHbi MeTanepKapmiMH: 1 Cotylurus cornutus , 2 Echinoparyphium recurvatum. 
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Sl3C±SE(%o) 
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Sl3C ± SE (%o) 


PhC. 1. H30T0nHI»IH COCTaB TKaHeH MOJIJIIOCKOB-X03flCB H TpeMaTO^! UepKapHH (A). MeTailiepKapHH 
C. cornutus (B ) h MeTauepicapHH E. recurvatum (C). 

Cpezmee 3HaneHHe S 15 N n 8 I3 C (± CTaHaapTHaa oiunOKa) TKaHeii xo3aeB h napa3HT0B; Gejibin KBaapaT—napa- 
3ht (uepKapaa hjih MeTauepKapna), nepHbiH KBaapaT — MycnyuaTypa Horn Mojuuocna, nepHbiH Kpyr — nniue- 

BapHTejibHaa ^cene3a MOJiniocKa. 

Fig. 1. Isotopic composition of snail-host and cercariae (A) and metacercariae of C. cornutus (B) and 

E. recurvatum (C) tissues. 

Mean 8 15 N h 8 1J C (± SE) values of host tissue and parasite; open squares designate the parasite (cercaria or meta- 
cercaria); black squares designate the foot; black circles, designate snail hepatopancreas. 


Pinnegar et aL, 2001; Deudero et aL, 2002; Neilson et aL, 2005; O’Grady, Dea- 
ring, 2006). B paMKax Hccne^oBaH™ MexaHH3Ma oTpHijaTeubHoro (JipaKifHOHH- 
poBaHHA H30TonoB Meac/jy xo3ahhom h napa3HTOM npe,zmo}KeHa MO^enb napa- 
3HTO-xo3HHHHoro (JjpaKijHOHHpoBaHHfl H30T0n0B a30Ta (McCutchan et aL, 
2003; Olive et al. ? 2003). CornacHo otoh Mo^enH, ecJiH napa3HTbi nHTaiOTCM H3- 
OnpaTeJibHo Ha oahom (oxaeJibHOM) (fiparMeHTe TKaHefi xo3^HHa, to ypoBeHb 
H30TonoB napa3HTa Mo^ceT oOejtfttiTbcfl oTHocHTenbHo xo35iHHa. B cjiynae c oh- 
Aonapa3HTaMH, ecJiH a30T, Bbi^enaeMbiH napa3HTOM coxpaHaeTCii BHyTpH xo35i- 
HHa h noBTopHO HcnoJib3yeTCii nepe3 H3MeHeHne rjiyraMHA-AerH^poreHaBHOH 
peaKiiHH (Barret, 1981 ), to (jipaKijHOHHpoBaHHe H30TonoB a30Ta OyzjeT 6jnoKe k 
HeraraBHOMy hjih He6ojibuiOMy no3HTHBHOMy (Olive et aL, 2003). 

B oTJiHHHe ot oepKapHH MeTaqepKapHH o6ohx HccJie/joBaHHbix bh^ob noKa- 
3ajiH oOoratqeHHe H30TonoB a30Ta S 15 N kzk OTHocHTejibHo hoth, TaK h othoch- 
TeJibHO nnineBapHTeJibHOH ace.ne3bi xo3^HHa (pnc. 2). TIo^nHCb a30Ta 8 15 N Me- 
TaijepKapHH C. cornutus noKa3biBaeT o^cH^aeMoe, a MeTaoepicapHH E. recurva¬ 
tum — 6jiH3Koe k o^cH^aeMOMy oSoramemie (2 — 5 %o) MeyKjiy noTpeSHTejieM 
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A 13 C (%o) 


Phc. 2. H30T0nH0e o6orameHHe (A 15 N h A 13 C ) y ucpicapn i\ h MCTaucpKapnii TpCMaTOa othoch- 
TejibHO TKaHeii xo3flHHa: Horn (A) h numeBapHTejibHOH Hcejie3bi ( B ) mojijiiockob. 

BeJiLiH KBa^paT — nepicapim, ^epHLift KBa/rpaT — MeraijepKapHH C cornutus , ^epHLin Kpyr — MeTaijepKapn h 

E. recurvatum. 

Fig. 2. Isotopic enrichment (A 15 N and A 13 C) in cercariae and metacercariae in relation to foot (A) and 
hepatopancreas ( E ) of the snail host tissues. 

Open square designates cercaria, black squares, C. cornutus metacercariae; and black circles, E. recurvatum me¬ 
tacercariae. 


h nHmeii. 3aperHCTpjipoBaHHoe 6ojiee BbicoKoe 3HaneHne fioothch a30Ta 8 15 N 
y MeTauepKapHH C. cornutus no cpaBHemno c MeTaaepKapiuiMH E. recurvatum 
(P < 0.05), bo3mo>kho, cB5i3aHO c JiOKajnmifHeii hx b pa3Hbix opraHax n cbh - 

3aHHbIMH C 3THM OCOSeHHOCTflMH TpO(J)HKH. 

rfapa3HTH3M npejjcTaBinieT co6on caMyio oSbiHHyio cTpaTenno KOHcyMeH- 
tob cpeOT opraHH3MOB (Lafferty et al., 2008). B He^aBHeii paSoTe Bbicica3biBa- 
jiocb npe^nojio^ceHHe o tom, hto Ha 4>paKifHOHHpoBaHHe H30TonoB ^ocTOBep- 
ho BJiH5ieT TaKCOHOMHHecKaa rpynna, CTapa3BHTHfl h numa KOHcyMeHTa 
(Caut et al., 2009). B HameM HCCJie^OBaHHH pa3Hbie CTa^nn pa3BHTH^ napa3H- 
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Ta, a HMeHHO uepKapHH h MeTauepKapHH, CBjnaHHbie c MOJiJiiocKaMH, noKa3ajiH 
pa3JiHHH5i b oGorameHHH H30T0n0B. U,epKapHH, KaK npaBHJio, o6e,zunHOTCfl, a 
MeTauepKapHH oGoraiuaiOTCfl H30T0naMH a30Ta. HHTepecHO OTMeTHTb, hto npH 
3tom napTeHHTbi h uepKapHH Bcex HCCJieuoBaHHbix bhaob TpeMaTOA, a TaK^e 
MeTauepKapHH C. cornutus JiOKajiH3yK)TCH b nmueBapHTejibHOH >Kejie3e, a Me¬ 
TauepKapHH E. recurvation — b noHKax, nepHKapue h MaHTHHHOH nonocTH 
MOJ1J1K3CKOB. 

PaHee cooGiuajiocb o BHyTpnxcmHHHOM pa3AeneHHH pecypcoB Me^cuy na- 
pa3HTaMH pa3Hbix TaKCOHOB (Boag et al., 1998; Neilson et al., 2005) npH napa- 
3HTHpOBaHHH b oahom h tom >Ke opraHe. HanpHMep, KHHieHHbie HeMaTOAH, na- 
pa3HTHpyK)LUHe y KpojiHKa, oGoraiuaiOTCfl H30TonoM a30Ta 15 N, a KHHieHHbie 
uecTOAH b tom >Ke xo3^HHe o6euHHK)TCH H30TonoM a30Ta 15 N (Boag et al., 
1998; Neilson et al., 2005). MeTauepKapHH 3 aKJiiOHeHbi b uncTy, 6jiaroAapa 
npOHHuaeMOCTH KOTOpOH Me^cuy napa3HTOM h xo3*ihhom ycTaHaBJiHBaiOTOi 
MeTa6ojiHnecKHe B3aHMOAencTBHJi, npHBOA^mne k Hcnojib30BaHHio napa3HTOM 
3HepreTHnecKoro noTeHunajia xo3hhhb (rajiaKTHOHOB, ,2,o6pOBOJibCKHH, 1998). 
CBo6ouHO^cHByiuHe jihhhhkh uepKapHH He nojiynaiOT nHTaTejibHbie BeiuecTBa, 
Haxou^cb bo BHemHeii cpeue, ohh HaKanjiHBaiOT hx 3a BpeMJi napa3HTHpOBa- 
HHJI B X03aHHe, pa3BHBa^Cb BHyTpH CnOpOUHCT HJIH peAHH (THHeUHHCKa^, 
1968). CnopouHCTbi jiHiiieHbi nniueBapHTejibHOH CHCTeMbi h BOcnpHHHMaiOT 
nniuy Been noBepxHOCTbio Tejia H3 reMOJiHM(J)bi hjih OKpy^KaioiuHx TKaHen, a 
peuH^M, HMeioiuHM nmueBapHTejibHyio CHCTeMy, CBOHCTBeHHa KaK racTO^a- 
tha, TaK h reMaTO^arra (Cheng, 1963, uht. no: THHeuHHCKaji, 1968). KpOMe 
toto, napTeHHTbi MoryT ynacTBOBaTb bo BHeopraHH3MeHHOM (BHeKHmenHOM) 
nniueBapeHHH (cm. o630p: /],o6pOBOJibCKHH h up-, 1983). 

BbiABJieHHbie pa3JiHHH^ b 15 N oGoraiueHHH uepKapHH h MeTauepKapHH, a 
HMeHHO o6euHeHne y uepKapHH h oGoraiueHHe y MeTauepKapHH, bo3mo>kho, 
MoryT 6biTb o6b>iCHeHbi H36npaTejibHOCTbio hx nHTaHHJi cneunc|)HHecKHMH 
aMHHOKHCJIOTaMH HJIH JIHnHAaMH, pa3JIHHHHMH B MeTa60JIH3Me, CBfl3aHHbIMH C 
pa3HbiMH CTauHHMH pa3BHTHn napa3HTa. 

Ha6jnoAaeMbie pa3JiHHra b ypOBHe o6oraiueHHfl H30TonoB a30Ta 15 N y Asyx 
HCCJieuoBaHHbix bhaob MeTauepKapHH (6onee bmcokhh y C. cornutus no cpaBHe- 
hhk) c E. recurvation , t-TecT 0.6, P < 0.05) MoryT Gbitb oGycjiOBJieHbi oco6eH- 
HOCTbK) TpO(J)HKH, CBJI3aHHOH KaK C HX pa3HOH TaKCOHOMHHeCKOH npHHaAJie)K- 
HOCTbio Ha ypOBHe OTp^ua, TaK h c napa3HTHpOBaHneM b pa3Hbix opraHax xo3*i- 
HHa. MeTauepKapHH C. cornutus napa3HTHpyiOT b nmueBapHTejibHOH )Kejie3e, a 
MeTauepKapHH E. recurvatum — b noHKe, nepmcapAe h MaHTHHHOH nonocTH. 

3aperHCTpnpoBaHHoe 6onee BbicoKoe 3HaneHne nounncH a30Ta 8 15 N y MeTa¬ 
uepKapHH C. cornutus no cpaBHeHHio c MeTauepKapHHMH E. recurvatum (P < 
< 0.05), bo3mo}kho, o6ycjiOBJieHO hx jiOKajiH3auHen b pa3Hbix opraHax h cbh- 
3aHHbIMH C 3THM OCOSeHHOCTJIMH TpO(J)HKH. 

Hanin pe3yjibTaTbi noKa3ajiH Tpo(J)HnecKHe napa3HTO-xo3flHHHbie OTHorne- 
HHfl Me)KAy MOJIJHOCKaMH H pa3BHBaiOIUHMHC^ B HHX pa3HbIMH CTaAHflMH Tpe- 
MaTOA, a HMeHHO uepKapnaMH h MeTauepKapHAMH c Hcnojib30BaHHeM aHajiH3a 
CTa6HJibHbix H30T0n0B. IloAnHCH H30T0n0B a30Ta h yrjiepoua y uepKapHH 
oSeuHfljiHCb, a y MeTauepKapHH o6oraiuajiHCb no OTHomeHHio k noTpeGjiae- 
mhm TKaraM xo3HHHa. npH 3 tom CTeneHb o6oraiueHH^ y MeTauepKapHH pa3JiH- 
najiacb MtyKjiy BH^aMH, hto MO^ceT yKa3biBaTb Ha pa3uejieHHe pecypcoB Me^cuy 
BHuaMH napa3HTa b opraHH3Me xo3flHHa. 
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SUMMARY 


Stable isotope ratios of carbon ( 13 C/ 12 C, 8 13 C) and nitrogen ( 15 N/ 14 N, 8 15 N) in sna¬ 
il-host tissue (the foot and hepatopancreas) and trematode parasites on two stages of their 
life cycle were analyzed. Trophic structure in co-occurring trematode larvae was examined 
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in the following species: five species of cercariae ( Echinoparyphium recurvatum , Hypode- 
reitn. conoideum , Plagiorchis mutationis , Diplostomum chromatophorum and Z). volvens) 
and two species of metacercariae (Cotylurus cornutus and Echinoparyphium recurvation) 
within two closely related snail hosts Lymnaea stagnalis and L. tumida using stable isoto¬ 
pe analyses. Snail and parasite sampling was conducted in a riverine portion of the Kargat 
River of the Lake Chany basin, in the south of Western Siberia (54°37'76"N, 
78°13'07" E), in August 2009. 

Four out of five studied cercariae species were depleted in 15 N as well as in 13 C relati¬ 
vely to snail hosts tissues (foot and hepatopancreas), supporting our previously published 
data for Plagiorchis mutationis and Echinoparyphium recurvatum cercariae. Such fractio¬ 
nation of cercariae is untypical of the commonly observed relationship between consumers 
and their food. D. chromatophorum cercariae had demonstrated an insufficient enrichment 
in 8 15 N volume in relation to the hepatopancreas. Both two species of metacercariae 
(C. cornutus and E. recurvatum) showed a significant enrichment in 8 15 N volume relative¬ 
ly to the host tissue consumed (fractionation values ranging from 1.5 to 4 %o depending on 
the species). The differences in 8 15 N and 8 13 C volume between cercariae and metacerca¬ 
riae observed in this study illustrate the complexity of the host—parasite trophic relations¬ 
hips. Such isotopic differences between cercariae and metacercariae can probably be exp¬ 
lained by selective consumption of specific amino acids or lipids or by changes in metabo¬ 
lism associated with the life cycle of the parasite. The present study represents the first 
comparative analysis of trophic relationships between the host and the endoparasite at dif¬ 
ferent life cycle stages. It demonstrates the potency of the stable isotope analyses for un¬ 
derstanding trophic relationships in multispecies parasite communities. 
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